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This talk will focus on the status of current understanding (not a historical review) as regards

modeling nitrogen oxides (NOy) in the lower stratosphere (LS). The presentation will be

organized around three major areas of process understanding: 1) NOy sources, sinks, and

transport to the LS, 2) NOy species partitioning, ar3_d 3) polar multiphase processes. In each area,

process topics will be identified with an estimate of the degree of confidence associated with

their representation in numerical models. Severa!exotic and/or speculative processes will also

be discussed. Those topics associated with low confidence or knowledge gaps, weighted by their

prospective importance in stratospheric chemical modeling, will be collected into

recommendations for further study. Suggested approaches to further study will be presented for

discussion. Further details follow ............

Definition of nitrogen oxides covered here:

NOy = HNO3 + NOx + CIONO2 + N205 + HO2NO2 + BrONO2 + PAN

NOx = NO + NO2 + NO3

Discussion of NOy in the LS must start with the primary NOy source and loss regions in the

tropical upper stratosphere. The predominant portion of NOy in the stratosphere is produced in
=

the region around 30-40 km and transported to the LS region of interest. The production occurs

through the reaction N20 + OlD ---) 2NO. Net production is limited by in situ loss through NO

+ hv --) N + O followed by N + NO ---) N2 + O, w_ch occurs at and above the main production

region. This balance creates a maximum in the NOy mixing ratio of about 18 ppbv near 40 kin.

NOy produced in this region is transported poleward and downward by the mean circulation.

These processes are very important to correctly modeling NOy throughout the stratosphere.

Recent modeling work has shown that most current global models do not simulate NOy

distributions very accurately in the stratosphere and that large variation exists among models

even when N20 is constrained. Discrepancies as large as 50-100% are found, indicating that our

understanding of the net stratospheric NOy production is limited. Transport problems may also

be contributing. _--

Other known, but lesser, sources of NOy should be considered in the lower stratosphere. These

include NOx production by lightning in the upper troposphere (UT) and NOx emission from

aircraft. Transport between the LS and UT is par_ount in determining the relative impact of

both of these sources as well as the possible importance of surface sources to the LS. Model



transportacrossthetropopausehaslimited confidence.In addition,limited confdence is
associatedwith themagnitudeof thelightning sourcestrength.

PAN maybeasignificantcomponentof NOy in theLS, but thefocusof thatdiscussionwill be
in troposphericmodeling. Most modelsof stratosphericchemistrydonot includePAN or give it
little attentionandvalidation. SincePAN is importantto 03 productionandthepotentialimpact

of aircraftemissions,thequestionmayberaisedasto whetherit deservesmoreemphasisin LS
modeling.

The primaryaspectsof modelingNOy partitioningglobally aregenerallyassociatedwith
relatively moderateto high confidence,althoughnaggingproblemspersistin severalprocesses.
NOx (NO/NO2,NO2/NO3)steadystatemodelingagreeswith observationsto well within
experimentaluncertaintyl Similar confidenceis associatedwith constrainedmodelingof
NOx/N205 andNO2/C1ONO2in theLS. NO_Oy, orNO2/HNO3, is fairly well simulated
underconditionsof high-to-moderateaerosolloadingprovidedmultiphasehydrolysisreactions
(N205 + H20, BrONO2 + H20) areincluded. This canbeseenin post-PinatuboNOy
simulations.More recentchangesto gas-phaseNO2/HNO3partitioningratesseemto resolve
mostof thediscrepancyobservedfor .conditionsof !ow aerosolinfluence. Discrepancieson the
orderof 10-20%remain,however,in theLS andlargererrorsarefoundin themiddle

stratosphere,suggestingthatourunderstandingigsti!l somewhatlimited. A final process,
partitioningof NOx/HO2NO2,apparentlyrepresentsa gapin ourknowledge,but theoverall
importanceof thisgaphasyet to bedetermined,ii_ii_

Representationof polarprocessesin modelsintroducesseveralareasof limited confidenceand
knowledgegaps.TheseprocessesareimportantbecauseNOy limits winter polar03 lossfrom
chlorinecatalysisthroughavarietyof mechanisms.HNO3-containingparticlesplay a
significant,possiblymajor,role in heterogeneouschlorineactivation. We havelimited
confidencein modelingthe variouspotentialpolarstratosphericcloud(PSC)compositions(STS,
NAT, NAD) andthedependenceof their formationon temperature,water,andHNO3. The
overallratesof reactions(C1ONO2+ HCI, C1ONO2+H20) donot appearto dependstronglyon
compositionsotheseprocessesmaynot beamajor difficulty in large-scalemodeling,however,
theyaresoimportantto predictingthefutureof polar03, visa vis chlorine,thattheydeserve
emphasis.An evenlargergapin ourunderstandingis modelingthePSCcompositionand
microphysicalcharacteristicsthat controldenitrifi_cationandverticalredistributionthrough
sedimentation. Theseprocessesarecritical for li_ting polarozonelossdueto chlorineand
maybe importantto theLS NOy budgetglobally. Currentlywehaveonly avery limited ability
to simulatetheseprocesses.
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Severalotherprocesseshavebeenidentifiedaspotentiallyimportantto modelingNOy in theLS
for which wehavelimited confidence,but alsoa limited expectationof their importance.Such

"exotic" processesincludea sourcefrom energeticparticledeposition,sourcereactionsof
excitedmolecularspecies,NO2reductiononsootor metalparticles,andconversionof N205 to
HNO3 in the apparentabsenceof sulfateparticles.

Basedon the abovecompilation,theproposedtoppriority recommendationsfor furtherstudyare
theneedto betterunderstandthesource/lossNOy photochemistryin thestratosphereandtherole
of HNO3 in polarmultiphaseprocesses.Secondpriority recommendationsincludeNOy
processesnearthetropopauseandLS NOx/NOyp_itioning. Potentialapproachesincludelab
kineticsstudies,model sensitivitytests,andfield measurements.Theserecommendationsare
posedfor discussion;theyaresubjectto changeatthe workshop.
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